3,6-Anhydro-l,2-0-isopropylidene-a-D-ribo-hexofuranos-3-ulose (2) was converted into 5,6-di-O-acetyl-l, 2-0-isopropylidene-a-n-ribo-hexofuranos-3-ulose (5) by the protection of the carbonyl function with hydroxylamine, followed by acetylation and removal of the protecting group with chromium(II) acetate. Nitromethane condensation of 2 and 5 at room temperature gave the corresponding 3-nitromethyl derivatives having D-gluco-and D-alloconfiguration, respectively. The difference in the stereoselectivity was explained by the easiness of isomerization of the initial product to thermodynamically stable epimer, because the reaction temperature was essential to control the selectivity in the same reaction of 1,2 : 5,6-di-O-isopropylidene-a-D-ribo-hexofuranos-3-ulose. Reaction of 2 with hydrogen cyanide in dry pyridine followed by acetylation gave the corresponding 3,5,6-tri-O-acetyl-3-cyano derivative of D-allo-type, whereas, the reaction in water gave instantly 3-(hydroxycarbonimidoyl)-1,2-0-isopropylidene-a-D-allofuranose 3',5-lactone, by the participation of the Co-hydroxyl group.
Up to date, many works have been reported on the nucleophilic reaction of easily available 1,2 : 5,6-di-Oisopropylidene-a-D-ribo-hexofuranos-3-ulose (1),2-4) and we also reported on the stereoselectivities of some reactions.OJ This compound decomposes often to 3,6-anhydro-l ,2-0-isopropylidene-cx-D-ribo-hexofuranos-3-ulose (2)8) during the storage, unless kept at lower temperature in pure state. Although 2 is easily obtained by the partial hydrolysis of 1,7) it is unfavorably formed during the preparation of 1 by the dimethyl sulfoxide oxidation of 1,2 : 5,6-di-O-isopropylidene-cx-D-glucofuranose, and easily separated from the chloroform solution of the products by extraction with water, sonietimes in ca. 30 %yield. Intramolecular hemiacetal structure of 2 8 ) indicates a diminished reactivity of the carbonyl function, but the hydrogenation 8 ) and p-nitrophenylhydrazone formation 7 ) of2 were described in literatures.
In order to find useful utilizations of 2 as a starting material for the branched-chain sugar synthesis, 2 was converted into 5,6-di-O-acetyl-l,2-0-isopropylidene-a-D-ribo-hexofuranos-3-ulose, and the addition of nitromethane and hydrogen cyanide to both compounds were carried out in this paper. A new evidence on the stereoselectivity of the former reaction and a participation of a neighboring hydroxyl group in the latter reaction are described.
Results and Discussion
Attempted acetonation of 2 into 1 and the Grignard reaction of 2 gave unsuccessful results, indicating that the intramolecular hemiacetal ring of 2 is fairly stable like that of 2-ketoses. Although much stronger nudeophiles such as nitromethanide anion and cyanide ion are deduced to be reactable with 2, conversion of 2 into a more reactive 3-ulose derivative having the naked carbonyl group was tried at first. Condensation of 2 with hydroxylamine in aqueous ethanol gave the cor- quantitatively. Hydrogenation of 6 in the presence of palladium-charcoal afforded the 3-C-aminomethyl der~vative (8) , which was then converted into the corresponding N,O-triacetate (9) in a good yield. Besides, the. nitromethane condensation of-5 under the same conditions as used for 2 gave unexpectedly a different 3-C-nitromethyl derivative (10) from 7 in 71 % yield. TlJe.sc fompounds are consider,ed to be-3-epimer to each
Reaction conditions other, however, there is also the possibility of the inver--sion at· C-4· position U ) under the-reaction conditions. C@nsequently, 1,2 : 5,6-di-0"isopropylidene-3-(nitromethyl)-<X-o-allofuranose s : 10 ) was partially hydrolyzed to the corresponding 1,2-0-isopropylidene derivative (11) quantitatively, and then acetylated. The identity of the di-O-acetate obtained and 10 clearly established the 3-epimeric interrelation between 10 and 7.
In general, the nitromethane condensation of uloses give one epimer or mixture of epimers depending on the reaction conditions. 12 ) As is seen in Table I , the reaction temperature is the most essential to control the stereoselectivity of the nitromethane condensation of 1. This fact implies that the composition of the product is determined by the rate of isomerization of the initial product: kinetically controlled product, to the thermodynamically stable isomer. Thus, the difference of the configuration of the products in the reaction of 2 and 5 should be explained from th\: free energy difference between the epimers -in each case. The kinetic studies will be reported elsewhere.
On the other hand, reaction of 2 with hydrogen cyanide in pyridine at 0°C for 6 h and successive acetylation of the reaction mixture with acetic anhydridg ave the corresponding 3-cyano-tri-0-acetate (12) in 54% yield. The configuration of 12 was confirmed to be n-allo-type by comparison of the NMR spectrum~ith that of the authentic sample, prepared from the correspoding 5,6-0-isopropylidene derivative. 13 ) Besides, the reaction of 2 with potassium, cyanide in water in the presence of sodium hydrogencarbonate at 0°C gave instantly a crystalline product (13) in 66% yield, which shows charateristic IR absorptions at 3300 (C=NH) and 1705 (-O-C=NH) cm-l. From the elemental analysis and the following reactivities, 13 was deduced to be 3-(hydroxycarbonimidoyl)-l ,2-0-isopropylidene-a-D-allofuranose 3',5-lactone. On standing in water, 13 changed gradually into the corresponding lactone (v c _ o 1785 cm-1 ).l3) When 13 was acetylated with acetic anhydride in pyridine and then the reaction mixture poured into water, known 3,6-di-0-acetyl-3-carboxy-l,2-0-isopropylidene-a-o-allofuranose 3',5-lactone (14)l3,14) was obtained in 61 % yield, whereas treatment of the acetylated product with methanol gave 3,6-di-0-acetyl-l,2-0-isopropylidene-3-[ (acetylimino)methoxymethyl]-a-n -allofuranose (15) in 65% yield. The structure of 15 was detex:miried from the analytical values and the absence of the deshielding effect of acetyl group on H s proton in the NMR spectrum. Moreover, treatment of 13 with sodium hydrogencarbonate in methanol overnight at reflux temperature gave quantitatively the corresponding carboxylate (16) which can be converted into 14 by acetylation with acetic anhydride in a good yield.
Bourgeois reported on the iSQm~rization of the initially formed, 3-cyano-l,2 : 5,6-di-0-isopropylidene-<x-o-allofuranose to the corresponding n-gluco-epimer in the reaGtion of 1 with hydrogen cyanide.l S ) From the fact, it is ,considered that t!)e kinetically controlled product 12 was simply formed in the same reaction of 2 in pyridine at 0°C. However, the_ reaction in water gave 13 
ExperiDleotal
All the melting points are uncorrected. The solution were evaporated under diminished pressure at a bath temperature not exceeding 45°C. Specific rotations were measured in a 0.5 dm tube, with a Carl Zeiss LEP-Al polarimeter. The IR spectra were recorded with a Hitachi Model EPI-G2 spectrometer. The NMR spectra were taken with a ]EOL-4H-100 MHz spectrometer, using tetramethylsilane as an internal standard, in deuteriochloroform unless otherwise stated. Chemical shifts and coupling constants were recorded in 6 and Hz units, and frequencies in em-I.
7,2-0-Isopropylidene-oc-n-ribo-hexofuranos-3-ulose Oxime (3).
To an aqueous ethanol solution (I : I, 100 ml) of hydroxylamine prepared from hydroxylamine hydrochloride (1.8 g, 25.9 mmol) and sodium hydroxide (1.10 g, 27.5 mmol) was added the hemiketal 2 (5 g, 22.9 mmol). After standing the reaction mixture at room temperature for 18 h, the solution was concentrated to a half volume, and then extracted with I-butanol. Evaporation of the butanol solution gave crystals which were recrystallized from ethanol-hexane. 
-acetyl-7 ,2-0-isopropylidene-oc-n-nbohexofurarwse (4).
Base-catalyzed acetylation of. 3 with acetic anhydride in the usual manner gave a sirupy product quantitatively. NMR spectrum of the sirup showed the presence of two kind of isomers (syn-and anti-form) in the ratio of I : 1 (HI: 6.05 and 5.98). This sirup was used for the next conversion without further identification. IR; 1740 (OAc).
5,6 -Di -0 -acetyl-7 ,2-0 -isopropylidene-oc-n-ribo-hexqfurarws-3-ulose (5) .
A suspension of the above sirup (200 mg, 0.56 mmol) and excess chromium(II) acetate (340 mg, 2 mmol) in tetrahydrofuran-water (9 : I, 10 ml) was stirred at room temperature for 24 h until the starting material had disappeared on TLC. The reaction mixture was bubbled with air to oxidize excess chromous ion and most of tetrahydrofuran was evaporated. The remaining solution was diluted with water, and then extracted with ether. The ether extract was wllshed with water, and then evaporated to give a nearly pure sirupy ulose in 85% yield. The NMR spectrum was identical with that of authentic sample: 6.10 Found: C, 43.11; H, 6.14; N, 4.90%. CaIedforCloH I ,-N0 8 : C, 43.01; H, 6.14; N, 5.02%.
The configuration of this compound was determined by conversion into 1,2 : 5,6-di-O-isopropylidene-3-(nitromethyl)-oc-n-glucofuranose as follows: a suspension of 6 (1.0 g, 3.6 mmol) and anhydrous copper(II) sulfate (3.0 g) in dry acetone (50 ml) was stirred at 50°C for 24 h, filtered through active carbon, and the filtrate was evaporated. A chloroform solution of the residue was washed with water and evaporated to give crystals which were recrystallized from ethanol. 3-(Aminomethyl) -7 ,2-0-isopropylidene-oc-n-glucqfuranose (8) . A suspension of 6 (300 mg, 1.07 mmol) and palladiumcharcoal (5%, 0.2 g) in water (20 ml) was hydrogenated under hydrogen atmosphere, filtered, and then the filtrate was evaporated. 
To a solution of 8 (100 mg, 0.36 mmol) in pyridine (2 ml) was added acetic anhydride (I ml), and the mixture was kept at room temperature for 5 h. The solution was treated in the usual procedure to give a sirup which was crystallized from ethanol. Yield, 128 mg (95%), mp 130. Acetylation of 11 (200 mg) with acetic anhydride (3 ml) in pyridine (3 ml) in the usual manner gave 10 quantitatively which was identical with the above mentioned sample.
3,5,6-Tri-0-acetyl-3-cyaTUl-l ,2-0-isopropylidene-a-D -allofuranose (12) .
To a solution of 2 (I g, 4.6 mmol) and hydrogen cyanide (0.3 ml) in pyridine (10 ml) which was stirred at o°C for 6 h was added acetic anhydride (3 ml), the mixture was kept at room temperature for 15 h, and the excess hydrogen cyanide was evacuated under reduced pressure. The reaction mixture was poured into ice-water, and the resulting solution was extracted with methylene dichloride. The extracted solution :was washed with water and evaporated to give a sirup which was crystallized and recrystallized from ethanol-hexane. Yield, 0.92 g, (54%), mp 140-142°C, (15) . To a homogeneous reaction mixture of the above experiment was added absolute methanol (4 ml) instead of pouring into ice-water, and then evaporated to give a sirup. 
